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1.0 BACKGROUND 
1.1 SCOPE 
The purpose of this project is to design a Ku-band feed system which can be 
implemented in a given paraboloidal reflector to achieve desired secondary 
pattern and gain performance. A prototype feed will be constructed and 
tested based on the initial design analysis. The feed will then be tested and 
evaluated in the given reflector. 
The given reflector is a 2.8 meter diameter receive-only earth station antenna 
designed to operate at a frequency near 4 GHz. The purpose of this project 
includes an assessment of the adequacy of this reflector for operation at Ku-
band frequencies with a properly designed feed system. 
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1.2 INTRODUCTION 
High efficiency and low sidelobes are primary performance characteristics for 
a satellite communications earth station antenna. Low sidelobes are 
important for minimizing interference. The interference may be from 
random noise or off-axis signal sources, such as adjacent satellites or 
terrestrial microwave links. High gain is important for maximizing the signal 
strength with the minimum required aperture size. The two parameters of 
gain and sidelobes are combined in one figure of merit which is the ratio of 
antenna gain to noise temperature (G/T). 
Many design approaches which optimize reflector antenna gain also produce 
high sidelobes. Therefore, gain and sidelobe levels are interdependent and 
must be controlled together. The design goal for a reflector antenna feed to 
meet both gain and sidelobe requirements is a feed which illuminates the 
reflector efficiently, yet exhibits steep skirts to reduce the spillover energy. In 
addition, a circularly symmetric feed pattern is desirable for low cross-
polarization and for dual-polarized feed applications. Table 1-1 lists the 
desired antenna performance characteristics. 
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Table 1-1. Antenna Performance Requirements 
Item 	 Specification  
Diameter 	 2.8 meters 
Focal Length 	 45.25 inches 
Surface Tolerance 	 .025 inches RMS max. 
Frequency 	 11.7 - 12.2 GHz 
VSWR 	 1.3:1 Max. 
Gain 	 48.5 dBi Min. at 11.95 GHz 
Sidelobes(dBi)* 
Region 1 (1st Sidelobe to 7°) 	 29-25 Log 
Region 2 (7°to 9.2°) 	 8 
Region 3 (9.2°to 48°) 	 32-25 Log 
Region 4 (48°) to 180°) 	 -10 
Polarization 	 Dual Linear 
Isolation (Port-to-Port) 	 30 dB Min. 
Axial Ratio (On-Axis) 	 35dB Min. 
Gil (Midband at 20° Elevation Angle) 	 22 dB/° K 
Feed Interface 	 WR-75 
*A sidelobe shall be defined as a region of the antenna radiation pattern, 
exclusive of the main beam, which is higher than the adjacent power levels 
on each side by at least 3dB. Theta (8) shall be defined as the angle in 
degrees measured from the main beam axis. No sidelobe in region 1 shall 
exceed the specified envelope by more than 3 dB. No more than 10% of the 
sidelobes in the combined regions 2 through 4 shall exceed the specified 
envelope. 
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1.3 Design Analysis 
1.3.1 	Feed Design 
The following feed design candidates are considered: 
a) Cutler or "Splash-Plate" 
b) Square Corrugated 
c) Circular Corrugated 
d) Multimode 
The Cutler feed is an open-ended waveguide terminated with a reflective disc 
or cap to direct the feed energy back towards the reflector. [1] The 
advantages of a Cutler feed are reduced aperture blockage (since the feed is 
small and is supported from the center of the reflector), simplicity of 
construction, light weight, and convenience of locating feed electronics 
behind the reflector as in a Cassegrain antenna. The disadvantages of a 
Cutler feed are unequal beamwidths in the principal planes (and likewise 
inability to shape the illumination), lack of a definite focus, and poor 
impedance match. Realistically, the Cutler feed is limited to a single 
polarization and to applications which do not require precise illumination 
control and can tolerate a high VSWR. 
Corrugated feeds are highly efficient horns with low spillover and low cross-
polarization. [2] By propagating a hybrid HE mode the feed pattern is 
circularly symmetric and therefore well suited for dual-polarized applications. 
The corrugated horn can be implemented in a square or circular geometry. 
The disadvantages of the corrugated horn are complexity of construction, 
difficulty of impedance matching (although tuning can be accomplished), 
and weight since the side walls must be thick enough to accommodate the 
grooves. Even if the grooves are made by attaching thin walls or slabs to the 
inside of the feed, additional material is used for the slabs and the overall size 
of the feed is increased compared with a smooth-walled feed. 
A multimode feed generates higher order waveguide modes in addition to 
the dominant mode which normally propagates in a smooth-walled horn. If 
the modes are combined properly, the beam shape can be arbitrarily 
controlled to obtain a desired illumination. The advantages of the multi-
mode horn are mechanical simplicity, low VSWR, and the potential for a wide 
variety of beam shapes including circular symmetry, broad illumination, sharp 
cutoff, and low sidelobes all in the same feed pattern. The disadvantages are 
the dose mechanical tolerances required for multimode horns, difficulty 
during the design phase in assuring that the proper mode amplitudes and 
phases are produced, and an increased size compared with single-mode 
feeds. The diameter of a multimode feed horn must be larger than for a 
single mode horn to propagate the higher order modes. In effect, the gain of 
the multimode horn may be less than the gain of a single mode horn with the 
4 
same size aperture. Also the length of the multimode feed may be a 
disadvantage since small flare angles are required to control the mode 
amplitude and straight matching sections may be needed to control the 
phase dispersion between modes. Figure 1-1 illustrates the approach to 
generating and controlling higher order modes for a multimode feed horn. 
The multimode feed horn is the best candidate for obtaining the desired goal 
of high efficiency and low sidelobes. Four circular waveguide modes, 
including the dominant mode, are sufficient to shape the feed pattern to 
practically any arbitrary distribution. The difficulty is achieving the exact 
combination of the desired modes. The resultant far field pattern for the 
multimode horn can be considered as a superposition of the radiation 
pattern for each individual mode as it exists in the feed aperture. [2] For 
example, Figure 1-2 shows the radiation pattern for the dominant TEi 1 mode 
in a circular aperture. The high sidelobes and narrow beamwidth are evident 
in the E-plane (vertical polarization is assumed). Figure 1-3 shows the primary 
pattern for a pure TM ii  mode which is the first higher order mode. Notice in 
the principal plane of the H-field (elevation = 0°) the contribution is zero. 
The peaks of the TMii mode can be added to the TEi > pattern to broaden the 
E-plane main beam. Also, the large sidelobes in the TM11 pattern add out-of-
phase to effectively cancel or reduce the sidelobes in the E-plane. 
The radiation patterns for two more higher order modes (TE12 and TM12 ) are 
shown in Figures 1-4 and 1-5 respectively. These modes can be added to 
further shape the feed pattern. Figure 1-6 shows a combination of TE11 and 
TM11 modes which provides a circularly symmetric pattern suitable for 
illumination of a prime focus antenna. The addition of a third mode (TE12 ) 
shows sharper skirts in the E-plane which reduces spillover energy as shown in 
Figure 1-7. Summing a fourth mode (TM12 ) provides steep skirts in both 
planes and a higher efficiency "flat top" beam as shown in Figure 1-8. The 
primary pattern of a dual-mode feed suitable for a Cassegrain antenna is 
shown in Figure 1-9. Because of the restrictions on feed aperture size to 
avoid feed shadowing, it is difficult to accommodate more than two modes in 
a Cassegrain feed. 
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1.3.2 	PRIME FOCUS ANTENNA DESIGN 
A multimode feed with a primary pattern shown in Figure 1-8 is suitable for a 
high efficiency prime focus antenna. The beamwidth of the feed pattern is 
adjusted to provide a level of spillover energy which is consistent with the 
sidelobe requirements in the angular region (110° -120° ). Also, the amount 
of edge illumination affects the first sidelobe level although in this case it is 
the rear spillover which determines the selection of edge taper. 
The amount of aperture blockage also affects both the gain and the sidelobe 
levels. Figure 1-10 illustrates a prime focus antenna configuration. The 
aperture blockage can be divided into two parts, central or feed blockage 
(CB), and spar or feed support blockage (WS). The central blockage is 
determined by the diameter of the feed or of the part of the hub used for 
mounting the reflector panels and connecting to the backstructure. A 
circular portion of the main reflector with a diameter of approximately 10 
inches sets the limit for the unuseable part of the reflector surface. This 
diameter is used for the central blockage dimension (CB). Spars or other feed 
supports are approximated as rectangular blockage areas with a width 
between 1/4 inches and 9/16 inches. 
The secondary radiation patterns are calculated for a central blockage 
diameter of 10 inches and a spar width of 1/4 inches and 9/16 inches. Figures 
1-11 and 1-12 show the individual contribution for central blockage and for a 
spar width of 1/4" in the E-plane and H-plane respectively. Figures 1-13 and 
1-14 show similar comparisons for a spar width of 9/16 inches. Figures 1-15 
and 1-16 show composite results in both planes. The required sidelobe 
envelope is approximated in each figure with a dotted line. The sidelobe 
levels from the two blockage sources are higher in the H-plane than the E-
plane. A spar width of 1/4 inch meets the electrical specifications with a slight 
margin. However, 1/4 inch spars are not mechanically feasible. The case with 
9/16 inch spars clearly does not meet the specifications for sidelobe levels. A 
potential compromise is the use of a button hook feed with thin guy wires. 
Even with a button hook though, there would be orientations of the antenna 
which would produce high sidelobes at some angles. 
Another consideration in the design of a prime focus antenna is the length of 
the feed. Although a multimode feed horn offers the advantage of shaping 
the primary pattern, the feed itself is longer than a single-mode feed to 
maintain the proper phase relationship between modes and to accommodate 
individual stages of mode generation. Also, the flare of the feed is 
maintained at a small angle to prevent too high amplitude excitation of the 
modes. A complicated mechanical support may then be required for the 
feed. Because of the marginal sidelobe performance, primarily caused by the 
feed support blockage and because of the feed length required, a prime 
focus antenna is not suitable for the present application. An alternative 
consideration is to relax the sidelobe requirements in some planes and use 
three spars rather than the quadrapod of the existing reflector, or use a 
button hook support. 
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FIGURE 1-10 
PRIME FOCUS ANTENNA CONFIGURATION 
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1.3.3 	CASSEGRAIN ANTENNA DESIGN 
A cassegrain antenna is useful when the feed is necessarily long or when it is 
desirable to attach electronics or a polarization rotation device directly to the 
feed. Also, if the subreflector can be supported from the feed itself (similar 
to a Cutler feed) or from the center of the main dish, the blockage produced 
by spars or other feed support can be eliminated. Because of these 
advantages the dual-reflector approach with the subreflector supported 
from the feed is selected for the present application. 
A disadvantage of the traditional Cassegrain geometry is that the edge 
illumination at the main reflector is essentially the same as the edge taper on 
the subreflector. If low feed spillover past the subreflector is required, then 
the edge illumination on the main reflector also is low. The aperture 
illumination can be controlled independently if the reflector surfaces are 
allowed to vary from the traditional paraboloid and hyperboloid of the 
Cassegrain antenna. As a result synthesized, dual-reflectOr surfaces are 
popular for achieving arbitrary aperture illuminations with a given feed 
pattern incident on the subreflector. However, in this application the main 
reflector is constrained to be a paraboloid. Figure 1-17 shows the basic 
Cassegrain geometry and lists three design options. 
Table 1-2 draws a comparison for the three Cassegrain antenna options. 
Option 1 is closest to meeting the desired edge taper since the subreflector 
taper is within .5dB of desired and the achieved main dish taper is within 3 dB 
of desired. However, the desired gain is not achieved. Option 2 meets the 
desired gain but misses the subreflector taper by slightly over 3 dB and the 
main reflector taper by approximately 12.7dB without considering any 
additional contributions to the sidelobes in this angular region (110°-120°). 
Option 3 meets the desired gain marginally. The subreflector taper is within 
2 dB of desired which meets the requirement. The main dish taper is within 
9.4 dB of desired which is marginal considering the design goal of 10 dB limit 
for sidelobes exceeding the envelope. In addition to direct feed spillover at 
the subreflector half angle, all three options are marginal in the region of 48° 
to 54° as the feed sidelobes appear at these angles with an intensity almost 
equal to the required envelope. The interpretation of "marginal" implies 
that the specification is achieved theoretically, but in practice unforeseen 
conditions or events make the theoretical specification physically 
unattainable with a high level of confidence. For example, many 
experiments work in the laboratory under controlled conditions but are not 
able to be duplicated under field conditions. It is therefore desirable to have 
sufficient margin in the theoretical predictions to allow for this discrepancy. 
Table 1-3 summarizes the specification compliance for each Cassegrain 
option. Option 3 is selected for the prototype design since it is the only 
option which meets all the specifications although the gain and the sidelobe 
levels are marginal. 
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DIMENSION OPTION I OPTION 2 OPTION 3 
HA 38.25° 20.0° 22° 
DS 11.5 11.0 11.5 
DS' 12.0 11. 5 11.5 
FF 34.97 27.29 28.04 
FD 6.54 13.92 13.04 
FS 3.73 4.04 4.17 
TS .75 1.19 I.19 
DF 2.4 4.0 4.0 
NOTE: ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 
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DS DS' 
     
       
       
       
          
    
FF 
     
          
     
45,25 
    
         
         
         
FIGURE 1-17 
CASSEGRAIN ANTENNA OPTIONS 
Table 1-2 Comparison of Illumination Properties of Cassegrain Antenna 
Options 
Option 1 Option 2 Option 3 
Feed Gain (dBi) 16.3 20.7 20.7 
Subreflector/Main Dish 
Edge Taper (dB) -215 -18.0 -21.3 
Subreflector -23.9 -21.2 -22.3 
Desired Taper (dB) 
Main Dish 
Desired Taper (dB) -26.3 -30.7 -30.7 
2 5 
TABLE 1-3 	Ku-Band Feed Compliance 
SPECIFICATION Option 1 Option 2 Option 3 
Frequency 11.7-12.2 GHz Yes Yes Yes 
VSWR 1.3:1 * Yes Yes 
Gain 48.5 dBi at 11.95 GHz No Yes * 
Sidelobes 	0°- 10° Yes Yes Yes 
10°- 48° * Yes Yes 
48°- 180° * No * 
Polarization (Dual-Linear) Yes Yes Yes 
Axial Ratio 35 dB on axis Yes Yes Yes 
Isolation (Port-to-Port) 30 dB Yes Yes Yes 
Feed Interface WR-75 Yes Yes Yes 
G/T at 20° Elev. 22 dB/°K * No * 
* The specification is met theoretically but with no margin. 
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Aperture blockage is another design consideration for the Cassegrain 
antenna, as with a prime focus antenna. Spars are not used in the proposed 
design; rather, a light-weight subreflector supported by a low-loss, low-
dielectric material is envisioned. Central blockage is therefore the only 
concern. Aperture blockage affects both the gain and the first sidelobe level. 
In a Cassegrain geometry the blockage caused by the feed diameter must be 
compared with the blockage of the subreflector. For a given geometry the 
feed may actually shadow a larger portion of the main reflector than the 
subreflector. For a multimode feed horn the diameter of the feed typically is 
larger than for a single-mode horn because higher order modes must be 
supported in the feed aperture. Therefore, the normal tradeoff between 
subreflector diameter and feed diameter becomes even more critical. 
A feed diameter of four inches shadows approximately the same diameter on 
the main reflector as a 12 inch diameter subreflector. The size of the feed 
shadow depends on the distance of the feed from the subreflector, as well as 
the diameter of the aperture. The closer the feed is to the subreflector, the 
greater the angle of the reflected ray intercepted (or blocked) by the feed 
and consequently the larger the shadow. However, the farther the feed is 
from the subreflector, the larger the feed aperture must be to maintain the 
same edge taper on the subreflector and consequently the shadow can not 
be decreased simply by moving the feed farther away. Both factors (distance 
and diameter) must be considered simultaneously for a given set of 
illumination conditions. 
A parameter which also influences the distance of the feed from the 
subreflector is the location of the phase center inside the feed. If the phase 
center is coincident with the feed aperture, the shadow diameter is simply 
8F 	1 
D = — S[ 	— 11. 
B 	d 	cos(a) 
where F is the focal length of the paraboloid, d is the diameter of the feed, S 
is the distance from the focal point to the feed aperture , and 2a is the angle 
subtended by the feed measured from the focal point. If the phase center is 
inside the feed by a distance P, the shadow diameter is then 
8F 	 1 
D = — (S +P)[ 
B 	d cos(a) 
The feed is effectively moved closer to the subreflector by a distance equal to 
the distance the phase center is inside the feed. Therefore, the farther inside 
the feed the phase center is, the larger the area shadowed by the feed. 
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2.0 TEST AND EVALUATION OF THE PROTOTYPE DESIGN 
2.1 DESCRIPTION OF THE PROTOTYPE DESIGN 
The prototype design is a Cassegrain antenna with a multimode feed horn 
and a subreflector supported by a dielectric cone. Table 2-1 gives the 
dimensions and coordinates for the Cassegrain geometry. Three types of 
subreflector support are considered. Type 1 is a 0.038-inch thick fiberglass 
cone which clamps around the feed and flares out to the diameter of the 
subreflector. Slots are cut in the narrow end of the cone to allow focus 
adjustment for the subreflector. Type 2 is identical to Type 1 with the 
exception that the fiberglass layer is 0.013 inch thick. Type 3 is a 
polyurethane foam cylindrical block which is hollowed out at one end for the 
feed diameter and cut out at the other end to conform to the shape of the 
su breflector. 
Based on preliminary test results, a requirement exists for a vertex tuning 
plate on the subreflector to meet the VSWR specification. Since the distance 
between the feed and the subreflector is small (approximately ten 
wavelengths) a large reflection is produced at the subreflector which is 
directed back into the feed. The vertex plate cancels a significant portion of 
the reflection by adding a 180° phase shift to part of the returned energy. 
The phase shift is accomplished by adjusting the distance between the plate 
and the subreflector to approximately a quarter of a wavelength. 
Another modification to the prototype design is a subreflector diffraction 
skirt. The skirt acts to block some of the subreflector spillover energy and to 
scatter the energy diffusely by using triangular edges (i.e., serrations) on the 
skirt. 
TABLE 2-1 PROTOTYPE CASSEGRAIN ANTENNA DIMENSIONS AND COORDINATES 
CASSEGRAIN ANTENNA OUTPUT 
IAMETER OF MAIN REFLECTOR = 	110.000 
IAMETER OF SUBREFLECTOR = 11.5000 
UBREFLECTOR HALF ANGLE = 	22.0000 
NGLE TO EDGE OF MAIN REFLECTOR = 	62.9726 
EPTH OF MAIN REFLECTOR = 	16.8430 
EPTH OF SUBREFLECTOR = 1.20202 
OCAL LENGTH = 	44.9000 
EED DIAMETER = 	4.00000 
ISTANCE OF FEED PHASE CENTER BEHIND FEED APERTURE = 	.000000 
ISTANCE OF FEED PHASE CENTER BEHIND DISH APERTURE = -10.8920 
ISTANCE FROM FEED PHASE CENTER TO SUBREFLECTOR = 	13.0298 
ISTANCE FROM FOCAL POINT TO FEED PHASE CENTER = 17.1650 
ISTANCE FROM FOCAL POINT TO SUBREFLECTOR EDGE = 	2.93324 
[STANCE OF FEED PHASE CENTER FROM VERTEX = 	27.7350 
EED SHADOW DIAMETER = 	10.4268 
X2 	 Y2 	 X1 	 Y1 	T1 	 T2 
55. 0000 . 0000 5. 7500 . 0000 2.000 62. 973 
50. 0000 2. 9231 5. 1076 . 2314 20. 043 58. 217 
45. 0000 5. 5679 4. 5034 . 4318 18. 073 53. 232 
40. 0000 7. 9343 3. 9315 .6043 16. 093 48. 020 
35. 0000 10. 0223 3. 3868 . 7515 14. 103 42. 587 
30. 0000 11. 8318 2. 8644 . 8754 12. 104 36. 946 
25. 0000 13. 3630 2. 3606 . 9777 10. 099 31. 114 
20. 0000 14. 6158 1. 8715 1. 0598 8. 086 25. 112 
15. 0000 15. 5902 1. 3938 1. 1226 6. 069 18. 966 
10. 0000 16. 2862 . 9246 1. 1669 4. 048 12. 708 
5. 0000 16. 7038 . 4609 1. 1933 2. 025 6. 374 
. 0000 16. 8430 . 0000 1. 2020 . 073 -. 027 
2.2 PROTOTYPE TEST DATA 
Figures 2-1 through 2-5 show E-plane far field patterns for the prototype 
design configurations. Figures 2-6 through 2-10 show H-plane patterns for 
the same configurations. Figures 2-11 through 2-20 show the radiation 
patterns on an expanded scale for each design configuration so the 
beamwidth and near-in sidelobe levels can be determined more accurately. 
Figures 2-21 through 2-24 show the primary patterns for the multimode feed. 
Figure 2-25 shows the return loss as the feed is moved ± 1 inch to allow for 
changes in position due to focusing of the subreflector. 
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Figure 2-1. 
Fiberglass Radome (.038 ° ) 
No Vertex Plate 
11.95 GHz E-Plane 
80 dB Range + 180° 
w 
Fiberglass Radome (.013") 
No Vertex Plate 
11.95 GHz E-Plane 
80 dB Range + 180° 
Foam Radome v/Vertex Plate 
(No Skirt) 
11.95 GHz E-Plane 
80 dB Range + 180° 
Foam Radome w/Vertex Plate 
(13.5" Skirt) 
11.95 air E-Plane 
80 dB Range + 180° 
Foam Radome w/Vertex Plate 
(15.0" Skirt) 
11.95 GHz E—Plane 




Fiberglass Radome (.038") 
No Vertex Plate 
11.95 GHz H-Plane 
80 dB Range + 180° 
Fiberglass Radome (.013") 
No Vertex Plate 
11.95 GHz H-Plane 
80 dB Range + 180° 
Foam Radome w/Vertex Plate 
(No Skirt) 
11.95 GHz H-Plane 
80 dB Range + 180° 
Foam Radome w/Vertex Plate 
(13.5" Skirt) 
11.95 GHz H Plane 
80 dB Range + 180° 
Foam Radom w/Vertex Plate 
(15.0" Skirt) 
11.95 Ma 11-Plane 
80 dB Range + 180° 
--r• 
Fiberglass Radome (.038) 
No Vertex Plate 
11.7 GHz E-Plane 
80 dB Range + 9 ° 
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Foam Radome w/Vertex Plate 
(13.5" Skirt) 
11.95 GHz E-Plane 
80 dB Range + 9° 
1 
Fiberglass Radome (.038") 
No Vertex Plate 
11.7 GHz H—Plane 
80 dB Range +90 
Figure 2-17. 
Fiberglass Radome (.038") 
w/Vertex Plate 
11.7 GHz H-Plane 
80 dB Range +9° 
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Figure 2-18. 
Fiberglass Radome (.013") 
No Vertex Plate 
11.95 GHZ H-Plane 
80 dB Range + 450 
Foam Radome w/Vertex Plate 
(No Skirt) 
11.95 GHz H-Plane 
80 dB Range + 90 
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Figure 2-21 
Multimode Feed (Far-Field) 
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Multimode Feed (Far-Field) 
11.95 GHz H-Plane 
40 dB Range + 45° 
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Multimode Feed (Near-Field) 
11.95 GHz E-Plane 
40 dB Range + 45o 
Multimode Feed (Near-Field) 
11.95 Gliz H-Plane 





FIGURE 2-25 FEED AND SUBREFLECTOR RETURN LOSS 
2.3 EVALUATION OF THE PROTOTYPE TEST RESULTS 
Table 2-2 presents a summary of the test data for each of the prototype 
design configurations. Table 2-3 describes the performance of each 
configuration with respect to gain and sidelobe criteria. The recommended 
approach for further testing is a foam-supported subreflector or a thin-
walled radome support. Since a thin-walled structure is too weak to support 
the subreflector, the foam support is preferred. Also, the thin walled radome 
is susceptible to internal reflections which appear as randomly scattered 
energy in the far-field pattern. 
A comparison of the measured feed pattern with a predicted feed pattern is 
shown in Figure 2-26 for the E-plane and in Figure 2-27 for the H-plane. The 
ideal feed pattern is shown in Figure 2-28. The feed design could be 
improved by eliminating the phase dispersion between the TE11  and TM 11  
modes and by further attenuating the TE12 mode. The predicted feed 
patterns are based on far-field pattern calculations for modes in a circular 
aperture [4]. A more thorough analysis which involves greater complexity of 
formulation considers the finite flare angle of the horn and the related phase 
error in the feed aperture [5]. However, the difficulty of predicting the exact 
amplitude and phase of the higher order modes is not treated in either of 
these cases. The potential exists for further reseach in this area. 
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Table 2-2 
Comparison of Measured Data for SA Ku-Band Antennas 
Feed: Multimode Stepped 
Date: March 10, 1983 
RADOME 	VERTEX 	SKIRT 	H.P.B.W. 	 SIDELOBE LEVELS* 	 GAIN 
PLATE (Degrees) 
E 	 H 	 (dB) 
E 	H 	1°-10° 	10°-48° 	480-180° 1 (3-10° 10°-48 ° 	48°-180° 
Fiberglass 	N 	 N 	.64 	.75 	5 	5 	5 5 5 4 47.7 
(.038") Y N 	.67 	.75 5 5 5 5 5 4 47.65 
Fiberglass 	N 	 N 	.65 	.725 	4 	4 	4 3 4 1 48.35 
(.013") 
Foam 	 Y 	 N 	.70 	.725 	3 	3 	1 3 3 1 47.1 
13.5" .72 .725 3 2 1 3 2 1 47.1 
Y 	15.0" 	.725 	.75 	3 	2 	1 3 1 1 47.0 
* 	5 - 90% of sidelobes do not meet the specified envelope by as much as 10 dB. 
4 - The majority of sidelobes do not meet the specified envelope by as much as 8 dB. 
3 - The majority of sidelobes meet the specified envelope. 	The remaining sidelobes exceed the envelope 
by as much as 6 dB. 
2 - 60% - 80% of sidelobes meet the specified envelope. 	The remaining sidelobes exceed the envelope by 
as much as 4 dB. 
1 - 90% of sidelobes meet the specified envelope. 
f, 
Table 2-3 
Performance Summary for SA Ku-Band Antennas 
	
1. 	Gain 
A. The Fiberglass radome produces reflection loss of 1.0 dB for 
.038" radome and 0.4 dB for .013" radome. 
B. The foam radome eliminates reflection loss. The particular 
foam used in the prototype model has 10 times more ohmic loss 
than given in handbooks. Loss from the foam is approximately 
1.5 dB. This loss could be eliminated by choice of better 
foam. 







a. Sidelobes in this region are higher than predicted 
levels (primarily caused by reflector surface errors). 
b. The sidelobes are partially improved with the foam radome. 
B. 	10° - 48° Region 
a. Both fiberglass radomes produce high sidelobes in this 
region due to radome reflections. 
b. These sidelobes are substantially improved by the sub-
stitution of foam. 
C. 	48° - 180° Region 
a. The 0.038" radome produces excessive sidelobes in this 
region. 
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3.0 TEST AND EVALUATION OF THE PRODUCTION UNIT 
3.1 DESCRIPTION OF THE PRODUCTION UNIT 
Two configurations are considered for the production unit. 	One 
configuration implements the thin-walled fiberglass radome as a subreflector 
support. The other configuration uses a solid styrofoam cone to support the 
subreflector. The focal length of the production unit is slightly different from 
the prototype unit (i.e., 46.138 inches instead of 45.25 inches). Table 3-1 lists 
the parameters and coordinates for the reflector geometry. 
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TABLE 3-1 PRODUCTION UNIT ANTENNA DIMENSIONS AND COORDINATES 
CASSEGRAIN ANTENNA OUTPUT 
IAMETER OF MAIN REFLECTOR = 	110. 000 
IAMETER OF SUBREFLECTOR = 11.4590 
JBREFLECTOR HALF ANGLE = 	22. 0000 
OGLE TO EDGE OF MAIN REFLECTOR = 	61. 5931 
EPTH OF MAIN REFLECTOR = 	16. 3910 
F. PTH OF SUBREFLECTOR = 1. 15066 
JCAL LENGTH = 	46. 1330 
:TED DIAMETER = 	4. 00000 
[STANCE OF FEED PHASE CENTER BEHIND FEED APERTURE = 	. 000000 
[STANCE OF FEED PHASE CENTER BEHIND DISH APERTURE = -12. 4671 
[STANCE FROM FEED PHASE. CENTER TO SUBREFLECTOR = 	13. 0304 
[STANCE FROM FOCAL POINT TO FEED PHASE CENTER = 17. 2799 
[STANCE FROM FOCAL POINT TO SUBREFLECTOR EDGE = 	3. 09882 
[STANCE OF FEED PHASE CENTER FROM VERTEX = 	28. 8582 
:ED SHADOW DIAMETER = 	10. 6445 
X2 	 Y2 	 Xi 	 Y1 	 T1 	 T2 
55.0000 .0000 5. 7295 .0000 22. 000 61. 593 
50. 0000 2. 8447 5. 0929 . 2209 20. 043 56. 902 
45. 0000 5.4185 4. 4932 .4124 18. 073 51. 994 
40. 0000 7. 7214 3. 9247 . 5774 16. 093 46. 872 
35. 0000 9. 7533 3. 3823 . 7184 14. 103 41. 543 
30. 0000 11. 5144 2. 8618 . 8372 12. 104 36. 020 
25. 0000 13. 0045 2. 3591 . 9353 10. 098 30. 318 
20. 0000 14. 2236 1. 8707 1. 0140 8. 086 24. 458 
15. 0000 15. 1719 1. 3936 1. 0743 6. 069 18. 466 
10. 0000 15. 8492 . 9246 1. 1169 4. 048 12. 370 
5. 0000 16. 2556 . 4610 1. 1422 2. 025 6. 203 
. 0000 16. 3910 . 0000 1. 1507 . 074 -. 027 
3.2 PRODUCTION UNIT TEST DATA 
Figures 3-1 through 3-9 show the secondary E-plane patterns for the thin-
walled fiberglass cone configuration at three different frequencies. Figures 
3-10 through 3-18 show the same configuration in the H-plane. Figures 3-19 
through 3-27 show the E-plane antenna patterns for the foam-supported 
subreflector. Figures 3-28 through 3-36 show the foam configuration in the 
H-plane. 
Table 3-2 shows the gain and noise temperature results computed from a 
measured pattern. Table 3-3 lists the measured surface error data. Figure 3-
37 shows a graph of the results from the mechanical surface tolerance 
measurement. The measurement shows significant correlation in peak errors 
from one panel segment to the next panel. The measurement is based on a 
relatively few number of physical points on the reflector surface and may not 
accurately represent the exact surface error. However, sufficient data is 
available to establish a trend. 
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Figure 3-1 
Fiberglass Radome 11.7 Gliz 









Fiberglass Radome 11.7 GHz 
E-Plane 80 dB + 45° 
1 
Figure 3-3 
Fiberglass Radome 11.7 GHz 
E-Plane 80 dB + 9° 
Figure 3-4 
Fiberglass Radome 11.95 GHz 
E—Plabe 80 dB + 180 ° 
	2 
Figure 3-5 
Fiberglass Radome 11.95 GHz 






Fiberglass Radome 11.95 GHz 
E-Plane 80 dB + 9° 
Figure 3-7 
Fiberglass Radame 12.2 GHz 
E-Plane 80 dB + 1800 
Figure 3-8 
Fiberglass Radome 12.2 GHz 
E-Plane 80 dB + 45° 

Figure 3-10 
Fiberglass Radome 11.7 GHz 
H Plane 80 dB + 180° 
Figure 3-11 
Fiberglass Redone 11.7 GHz 
H-Plane 80 dB + 450 
Figure 3-12 
Fiberglass Radome 11.7 GHz 
H-Plane 80 dB + 9° 
Figure 3-13 
Fiberglass Radame 11.95 GHt 
H-Plane 80 dB + 180° 
Figure 3-14 
Fiberglass Radome 11.95 GHz 
H-Plane BO dB + 45° 
Figure 3-15 
Fiberglass Radome 11.95 GHz 
H-Plane 80 dB + 9° 
Figure 3-16 
Fiberglass Radome 12.2 GHz 
Figure 3-17 
Fiberglass Radame 12.2 GHz 
H-Plane 80 dB +45° 
Figure 3-18 
Fiberglass Radome 12.2 GHz 
H-Plane 80 dB + 90 
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Figur e 3-19 
Foam Radome 11.7 GH2 
E-Plane 80 dB + 180° 
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Foam Eadome 12.2 GHz 
E-Plane 80 dB + 180° 
II 
Foam Radome 12.2 GEz 
E-Plane 80 dB + 9° 
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Figure 3-28 
Foam Radome 11.7 GRe 





Foam Radome 11.95 GHz 
H-Plana SO dB + 180° 
Figure 3-32 
Foam Radome 11.95 Gliz 
H-Plane 80 dB + 450 

Figure 3-34 
Foam Radome 12.2 GHz 
H-Plane 80 dB + 180° 
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TABLE 3-2 GAIN AND NOISE TEMPERATURE RESULTS 
OXYGEN ABS = 	 . 015 DB/KM 
WATER ABS = . 007 DB/KM 
FREGUENCY 	= 	11.950 GHZ 
GAIN 	 = 48. 140 DB 
ELEV SUN 
NOISE TEMPERATURE CONTRIBUTION: 
ATMOSPHERE 	 GROUND TOTAL 
10. 0 . 0842 33. 8640 4. 6455 38. 5943 
20. 0 . 1670 17. 8708 4. 4966 22. 5344 
30. 0 . 2441 12. 4731 4. 2431 16. 9603 
40. 0 . 3133 9. 8301 3. 9870 14. 1310 
50. 0 . 3740 B. 3731 3. 7007 12. 4479 
60.0 . 4228 7. 4909 3. 4559 11. 3696 
70.0 . 4588 6. 8450 3. 7416 11. 0454 
80. 0 . 4808 6. 4449 3. 9976 10. 9234 
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TABLE 3-3 	Reflector Surface RMS Measurements 
BAR LENGTH RADIUS PROFILE IRREG. TOTAL 
ERROR ERROR ERROR 
1 51.506 51.009 -.002 .030 .030 
2 39.944 39.911 .005 .022 .023 
3 25.122 24.844 -.003 .021 .021 
4 13.451 11.865 .-002 .007 .008 
TOTAL .003 .024 .025 
Focal Length 45.666 
NOTES: 	1) All Dimensions are in Inches 
2) Error is RMS Normal to Surface 
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FIGURE 3-37 PLOT OF MEASURED RMS DATA 
CD m 
O. 300 _ 
-0.308 
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3.3 EVALUATION OF THE PRODUCTION UNIT TEST RESULTS 
The foam-supported subreflector exhibits better sidelobe performance than 
the fiberglass configuration since scattering from the fiberglass interface 
causes high sidelobes in some regions. The support design could be improved 
by optimizing the radome characteristics of the support (i.e., maintain 
constant phase and minimize reflections). An improvement of several dB in 
the sidelobes and several tenths of a dB in gain could be realized by 
improving the radome. 
The high sidelobes in the near-in region are caused by a combination of 
central blockage and surface error. The level of the first sidelobe is primarily 
determined by the illumination over the aperture and the central blockage. 
These two factors interact since a highly tapered aperture has less effective 
area than a uniform aperture which increases the significance of the central 
blockage. In the case of uniform illumination the blockage efficiency for a 
main reflector of radius R and a subreflector of radius r is [6] 
	
E = [1 — 	( ) 2 ]2 . 
If the actual aperture illumination is considered, the blockage efficiency is 
rr 
f(x) x dx 
EB =-- [1 - 	R 1
2 
f(x) x dx 
where f(x) is the aperture power distribution. For example, if f(x) = (1 - ax2)2, 
then the blockage efficiency is [7] 
r 2 
( —n ) 
a 






For the case of -18dB edge taper, the blockage efficiency using the defined 
illumination function and a subreflector radius of 13.5 inches is 94.7%. The 
exact efficiency parameters for the production antenna tested are listed in 
Table 3-4. 
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Subreflector Spillover 0.954 




Feed Loss (Including Radome) 0.966 
Surface Tolerance 0.937 
TOTAL 0.530 
Maximum Theoretical Gain (dB) 	 50.91 
Net Gain (dB) 	 48.15 
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The subreflector spillover efficiency is calculated from the portion of feed 
energy which illuminates the subreflector. Energy from the feed which 
radiates beyond the angle subtended by the subreflector is lost. The main 
reflector spillover is calculated using a similar approach with reference to the 
energy scattered from the subreflector. Ideally, all the energy reflected by 
the subreflector would be intercepted by the main reflector. This ideal 
condition is approximated as the subreflector diameter becomes large in 
terms of wavelengths. However, in the present design the subreflector is on 
the order of only ten wavelengths. Energy is therefore reflected at wider 
angles than the angle to the edge of the main reflector. The distribution of 
energy scattered from the subreflector is referred to as a "scattered pattern." 
Figure 3-38 illustrates the subreflector scattered pattern for the H-plane. 
Figure 3-39 shows the E-plane scattered pattern. Energy radiated beyond 
approximately 61.7 degrees is lost. The amount of energy lost is also related 
to the edge taper. The lower the edge illumination, the less energy is lost. In 
the present design the spillover efficiency is high (99.2%) even though the 
subreflector diameter is small because the edge illumination is low. 
The feed blockage is not included in the scattered pattern as shown. 
However, a measured scattered pattern would show a trough in the center 
caused by feed blockage. [9] Just as the scattered pattern does not cut off 
sharply at the edge of the main reflector, the feed blockage is not a sharply 
defined region. The trough may be broader than the physical blockage 
caused by the feed. Therefore, the illumination may behave as though a 
larger portion of the central aperture is unused than predicted by a direct 
calculation of the geometrical shadow diameter. The effect of the additional 
effective blockage is a change in the first sidelobe level. 
The antenna design without blockage produces a first sidelobe level of -25 
dB. The first sidelobe level with a blockage diameter of 13.5 inches is actually 
-21 dB (i.e., the central blockage contributes approximately 4 dB to the first 
sidelobe level). If the effective blockage diameter is increased to 16.5 inches 
to account for the observed trough in the reflector illumination, the 
additional contribution to the first sidelobe level is approximately 1.5 dB for a 
total of -19.5 dB. 
The near-in sidelobes are strongly influenced by the mechanical surface 
error. A purely random surface error of .025 inch (RMS) can produce an 
increase in the sidelobe level of 2 or 3 dB in this region. A non-random error 
can produce an increase of 3 to 6 dB in the sidelobes in this region. Errors in 
reflector surfaces with systematic deformations are considered statistically 
correlated. "Application of the random error theory for the case of large 
correlation intervals results in a predicted scattering pattern which is directive 
and largely contained in the region of the main lobe and first few sidelobes." 
[10] In the design of the main reflector it is therefore desirable to reduce not 
only the RMS magnitude of surface error, but also the periodic accumulation 
of error. 
The antenna noise temperature is affected by both the near-in and the wide 
angle sidelobes. At low elevation angles the near-in sidelobes are critical. At 
high elevation angles the wide-angle radiation is important (in particular the 
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FIGURE 3-38. SUHREFLECTOR SCATTERED PATTERN (H-PLANE) 
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FIGURE 3-39. SUBREFLECTCIR SCATTERED PATTERN (E-PLANE) 
between the feed and the LNA of 0.05 dB, an LNA with 50 dB gain and noise 
figure of 3.5 dB, a receiver gain of 9 dB and noise figure of 9 dB, and a cable 
loss of 6 dB between the LNA and receiver, the Gil" ratio at 20 degrees 
elevation is calculated for the antenna efficiency given in Table 3-5 and the 
noise temperature from Table 3-2. The result is calculated below. 
T — 
T a + Tf 	T 2 + T R L 2 
s 	L
f 
+ L + GL  
	
22.53 + 13.67 	 864.51 + (2013.55)X(.25) 
	  + 359.23 + 	  
1.05 	 100,000 
= 393.72°K or25.95 dB° 
where Ts is the system noise temperature, Ta is the antenna noise 
temperature, and Tf is the noise temperature from the combined feed loss of 
0.15 dB (Lf) and 0.05 dB (L1). L1 is the loss between the feed and the LNA. L2 
is the loss between the LNA and the receiver. 
Gs = Ga — L f — L 1 
= 48.2 — 0.2 — 0.05 
= 47.95 dB 
G 	 dB 
— = G — T = 22.0 — 
T s 	°K 
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The G/T is exactly the required value shown in Table 1-1. Therefore, the 
desired value of G/T is obtained even though the antenna gain is low since 
the sidelobes are low enough to reduce the antenna noise temperature . It is 
important to note that the net figure of merit for an antenna system is the 
ratio of G/T, not just the gain value. The overall system performance is then 
satisfied by this antenna design with regard to gain and noise temperature. 
Figure 3-40 illustrates the final antenna configuration. Although the design 
focal length is 46.138 inches, the measured focal length of the antenna tested 
is approximately 45.6 inches. Figure 3-41 shows the final feed design. The 
feed design could be improved by lengthening the feed to include a phase 
matching section near the step junction. The additional section would also 
aid to reduce the unwanted TE12 mode. Figure 3-42 defines the final 
subreflector configuration. The subreflector is shown with a vertex matching 
plate and a diffraction skirt. In general, a vertex plate is undesirable if it can 
be avoided because of the effect on gain and contribution to the first 
sidelobe level. In this case, the size of the vertex plate is minimized to prevent 
significant performance degradation. If the design is pursued for 
optimization, it is possible to adjust the distance between the feed and 
subreflector so that a vertex plate is not required. Also, the shape of the 
subreflector could be optimized for the actual measured focal length. 
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PARABOLOIDAL MAIN REFLECTOR 
MAXIMUM FEED 
SUPPORT ENVELOPE 


















NOTE-DIMENSIONS ARE IN INCHES UNLESS 
OTHERWISE SPECIFIED. 
FIGURE 3-40 
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FIGURE 3-41 










A SURFACE GIVEN BY AX 2 = CY 2 + EY , WHERE A=18.060 X 10 -3 ; C=5I.878 X 10-3 ; E = 455.534 X 103 
A EXACT DIMENSION TO BE DETERMINED USING FINAL VERSION OF SUBREFLECTOR "IN SITU" 
FIGURE 3-42 
SUBREFLECTOR WITH MATCHING PLATE AND DIFFRACTION SKIRT 
4.0 CONCLUSIONS 
The first conclusion is that the feed design meets the requirements of 
performance in the given reflector with the exception of the near-in 
sidelobes (0°- 9°) which are caused by reflector surface error. Also, the gain is 
0.5 dB below the desired value. However, the low gain is offset by the low 
noise temperature achieved by overall reduced sidelobe levels. The net 
figure of merit (G/T) of 22 dB/° K is achieved by this design. Also, a portion of 
the gain loss is attributed to the high reflector surface error. Figure 4-1 
illustrates the effect of random surface error on the near-in sidelobes. The 
case shown is for a circular aperture with no blockage and -18 dB edge 
illumination. Even with a small amount of surface error the sidelobes are 
affected significantly. In addition, if the correlation of surface error over 
distances larger than a wavelength is considered, the sidelobe levels are even 
higher than shown. In fact, the surface error is correlated over large distances 
as seen from the measured reflector RMS data. 
The second conclusion is that although the feed design meets the general 
requirements, improvements are possible. The multimode feed design can be 
improved to reduce the phase dispersion between modes and to further 
attenuate the TE12 mode. The subreflector support design could be improved 
to enhance the transmission characteristic of the radome. A "sandwich" type 
radome could be considered which improves both structural and transmission 
properties. A simple design approach similar to the foam cylinder used in the 
prototype version but which is shaped to minimize phase error and internal 
reflections is shown in Figure 4-2. More "exotic" designs could also be 
pursued, such as tuned surface or circuit analog radomes. 
Another possibility for improvement is to change the subreflector shape to 
correspond with the measured focal length of the reflector. Also, it would be 
possible to consider shaping of the subreflector to improve the illumination 
efficiency. Usually, both reflector surfaces require special shaping to 
maintain phase uniformity. [11] However, shaped subreflectors have been 
adapted to paraboloidal main reflectors to achieve optimization of aperture 
illumination while minimizing gain loss resulting from phase errors. [12] All 
the improvements mentioned would reduce the sidelobe levels and increase 
the antenna gain. 
Other improvements or modifications in the feed design might be possible if 
a tradeoff study is conducted relating to sidelobe levels. Keeping in mind 
that the net figure of merit is the G/T ratio, certain angular regions of the 
sidelobe envelope are more critical than other angles. Also, if it is permitted 
that the sidelobe levels are specified only in the plane of the orbital arc, then 
other design options could be considered which have higher sidelobes in 
some planes but are nulled or reduced in the preferred plane. In particular, 
this tradeoff study should consider the recent FCC guidelines for sidelobe 
envelope requirements. 
Once the optimum specifications have been determined, an optimum design 
approach should be selected. If the goal is to provide a low-cost, marginal-
performance system, one approach may be dictated. If a superior-performing 
system for a moderate price is desired, a different approach is required. The 












RMS ERROR 	PEAK GAIN LOSS 
(INCHES) (dB) 
	
.000 	 0.000 
.015 0.136 





	 ( INCHES) , • 1.% 1 • 	• 	1 	̀% 
• 050 • , I • 1, • 111 	 8 	
■7 • ‘ 	t 	
' 	
1 
• 1 	I 	 1 
•
I 	11$ • • 	 ♦ 	lot 	6 	.6 1 	a . , 
, 
a e .g ,, 	$1 a , t I , 	%.1 	 tt 	




1 , 	s 	%II 1 I .. %It 1015• • • 
, , 	 IRO I 	Ai 
I I 
I I 	I," 
1 4. 50 	5.43- 	6:30 	7. g 	4-4 8. 10 
DEGREES 
'FIGURE 4-1. EFFECT OF SURFACE ERROR ON SIDELOBE LEVELS 







I 	• 	• 
1.59 
10 
7. 95 	 
, 
1- - - - - - - - - 	,, 
t 	 ...- 	.• 	• 	• 	. 
• • 	• 	. 




	 • ' - F -/ 
. L • 
.. 	 , 
. 	 4 
'-' 	
.% 
‘ 	 DIMENSIONS ARE IN INa-IES F. , 
6. 36E.  • . 	, 
,-, , 
- . 	, • 
I 7 i 	 , 	 ■. 
; / . 	''■ / 	 \ 
■ 




* 	\ - 
.. - / r \ 	, , , 	, 	 .. SHAPED RADCME 





4. 17 	, I , 	1 	.., , . f 
-44 
3. 18 
/ f7  
3. 977, 
I 	/ 
















I 	S • . 
FIGURE 4-2 SHAPED RAMIE GEOMETRY II 
and not to be taken lightly. If the intention is to comply fully with those 
requirements and to optimize the performance in every other way, a design 
tailored to meet those exact specifications is necessary. A simple adaptation 
of the present reflector is not possible. Stated another way, the general 
performance specified for this project as outlined in Table 1-1 was achieved 
only marginally as anticipated. The near-in sidelobe levels were even higher 
than predicted because of the reflector surface. The new FCC regulations are 
even stricter than those envisioned at the initiation of this project. Therefore, 
a unique design is necessary to meet these unique requirements. 
One approach is to test the initial feed design in a guaranteed reflector (i.e., a 
highly accurate reflector surface) to isolate the feed performance from the 
effects of surface error. The results of this test would then indicate the 
allowed margin for surface error. Also, if the initial constraint to use the 
existing reflector is removed, other design approaches may be offered, such 
as an offset-fed reflector, an offset dual-shaped reflector, or even a 
multibeam spherical reflector if communication with adjacent satellites is 
desired. In addition, once a reflector is designed to operate at Ku-band, it is 
relatively simple to operate at a lower frequency such as C-band. A dual-
band feed is even possible such that the antenna can operate simultaneously 
in both frequency bends. However, the reverse situation is less likely to 
succeed. A reflector surface designed for C-band operation is usually not 
satisfactory at Ku-band. The reflector surface as it is presently designed is an 
example. 
The antenna configuration as presently set forth in its entirety performs 
closely to the initial specifications. Since the antenna is a receive-only 
terminal it is not mandatory to meet the stringent FCC specifications which 
are beyond the design goals forseen at the beginning of this project. The 
antenna may be used within these limitations. If these limitations are to be 
exceeded (i.e., if full compliance with the new FCC directive is required), then 
another design approach is necessary following a detailed tradeoff study as 
outlined previously. Table 4-1 summarizes the conclusions reached as a result 
of this development study. 
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TABLE 4- 1 Summary of Conclusions 
1. The feed design meets the performance requirements except for near-in 
sidelobe levels which are attributed to undue reflector surface error. 
2. The overall feed design, though acceptable, could be further optimized 
for improved performance. 
3. A tradeoff study should be conducted in consideration of the recent FCC 
directive concerning sidelobe envelope requirements. 
4. An optimum design approach should be selected following the tradeoff 
study. 
5. A unique design should be developed to meet the desired 
specifications. 
6. Achievement of a quality reflector surface (low RMS error and reduction 
of systematic error) should be a primary mechanical consideration. 
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